Fernandez-Rio, J, Terrados, N, Fernandez-Garcia, B, and Suman, OE. Effects of vibration training on force production in female basketball players. J Strength Cond Res 24(5): 1373-1380, 2010-The goal of this research project was to investigate the long-term effects of whole-body vibration (WBV) training on force production. Thirty-one female basketball players were randomly distributed in an experimental group: VG (vibration) and a control group: CG (no vibration). Both groups participated in the same training program; however, the experimental group (VG) performed a set of exercises on a vibration platform (Power PlateÒ) at 30-to 35-Hz frequency and 4 mm amplitude, whereas the CG performed the same exercises at 0 Hz. Muscle performance of the legs was tested on a contact-time platform (ErgojumpÒ, Finland) through several tests: squat jump (SJ), countermovement jump (CMJ), and 15-second maximal performance jump; squat leg power (knee extension) was also evaluated using an Ergopower machineÒ (Bosco, Italy). After 14 weeks, there was a significant increase (p , 0.001) from initial to final tests in both groups (CG and VG) in SJ, CMJ, 15 seconds, and squat leg power. However, there were no significant differences between the VG and the CG for any of the parameters evaluated. The findings of this study indicate that WBV training has no additive or discernible effect on the strength development of female basketball players after several weeks of use, suggesting that the application of this technology has no advantages over traditional strength training methods.
INTRODUCTION

S
trength is vital not only for performance enhancement of athletes, but also for the prevention of sports injuries. Traditional methods that can be used to regain, maintain, or improve strength include free weights, machines, plyometric drills, inertial systems, and isokinetic devices. However, athletes and coaches are constantly seeking new methods or techniques of training that require less time and that are easier to perform.
One such training method is vibratory stimulation, which has been claimed to increase the gravitational load over the muscles up to 14 g with many possible beneficial effects derived from that stimulation (6, 10) . One of those effects is reported to be the enhancement of neuromuscular performance. A recent review (1) has described 3 mechanisms that could explain this enhancement: tonic vibration reflex, postural control strategies, and muscle tuning. These mechanisms are thought to be not mutually exclusive, which indicates that there is a need for more research that could clarify the exact physiological and mechanical responses to vibration.
Vibration can be applied to humans through several methods, but the whole-body vibration (WBV) method has become the most popular all over the world. Whole-body vibration exposes the entire body to mechanical vibrations as the subject stands on a vibrating platform, while the stimulation is transmitted through the entire body. Because WBV training seems to have an impact on motoneuron excitability, and/or fast twitch fiber recruitment (30) . Therefore, it has been hypothesized that WBV could enhance muscle performance of the legs.
Nevertheless, studies carried out on healthy adults and athletes have yielded contradictory results. Several researchers found that vibration training causes gains in maximal strength (31) , muscle power and movement velocity (5, 27) , or jump height and isometric force (33, 35) . However, several other studies found no difference with conventional resistance training methods on strength development (3, 15) . Recent reviews (22, 24, 28, 29) have pointed a lack of scientific-based research on WBV training. For example, several investigations lacked a CG, whereas others used a passive CG, not performing any extra exercise. Some studies used a CG, but they did not perform the same exercises on the vibrating device at 0 Hz. Similarly, different kinds of subjects have been the focus of the research projects: untrained women, mixed-gender groups, young adults, elderly people, and athletes of different disciplines. At the same time, a wide variety of vibration parameters and exercise regimes have also been used. On the other hand, a big array of assessment instruments of muscle performance has been considered, including laboratory tests and/or functional performance tests. Finally, few studies have been conducted applying WBV to national-or international-level athletes (5, 7, 12, 14, 20) , but even fewer have focused on its chronic effects (15, 25) . All these factors could explain the different outcomes, and the controversy generated by previous studies.
Whole-body vibration training is a noninvasive, easy-to-use method, and it could become a desirable tool for coaches, but is it really effective on national-level athletes? Can it be used to develop strength in basketball players? Can WBV effects be chronic or are they effective only during short periods of time?
The goal of this research project was to examine the longterm effects of a WBV training program on the strength of female basketball players. It was hypothesized that a WBV program may increase the explosive strength performance of basketball players, if added to their regular training program.
METHODS
Experimental Approach to the Problem
After considering all the factors mentioned in the Introduction, we designed a study to assess the effects of vibration training on the strength of a group of female basketball players relative to a similar group of players involved in an equivalent exercise program performed without vibration training.
To our knowledge, there are no publications that have used team sport's athletes and that have incorporated the WBV workload into the players' regular training schedule. Because of this lack of publications, we believe that WBV needs to be evaluated for its usefulness or effectiveness on athletes participating in team sports.
Therefore, we designed an intervention program for a basketball team to be applied during their competitive season. The WBV training program was adjusted to the team's schedule (training days, hours available), trying not to produce a negative impact on the players' basketball performance. The team went through their usual routine of practices and exercises. We just added a new element to find out if it could help the players: a WBV training program.
Our study used a randomized, fully controlled experimental design to examine the effects of WBV on a group of female basketball players. Players' squat jump (SJ), countermovement jump (CMJ), 15-second maximal performance jump, and squat leg power at selected loads (10, 20, 30, 40, 50 , and 70 kg) were considered as dependent variables.
The working hypothesis was that a group of female basketball players would benefit from the effects of a WBV program and increase significantly their legs' strength performance compared with a similar group of basketball players.
Subjects
Thirty-one women basketball players volunteered to be subjects for the present study. All players were part of the same basketball club but played on different teams: Nine were professional players (division-II national-level competition), and 22 played in the under-18 team (high-school level competition). They were randomly distributed into an Experimental Group: VG (vibration) and a Control Group: CG (no vibration). A written consent, approved by the Human Ethics Committee of the Spanish Ministry of Education, Culture, and Sport according to the declaration of Helsinki, was obtained from all players before the beginning of the study.
Age, height, and weight were determined before and after training. In addition, the sum of 6 skinfolds (S6SK: abdominal, suprailiac, tricipital, subescapular, thigh, and medial leg), using a skinfold caliper (HoltainÒ, United Kingdom), was obtained. Subjects' characteristics were similar between groups for age, weight, height, and the sum of 6 skinfolds. Basic characteristics of both groups can be seen in Table 1 . Three subjects pulled out before the completion of the study because of injuries that occurred during practice (2 subjects from the VG and 1 subject from the CG).
Procedures
The research project was conducted over a time span of 14 consecutive weeks: beginning the second week of September and finishing the second week of December, during the regular basketball season in which all players were competing.
Initial or baseline tests were conducted before all players began preseason practices (at the end of their off-season summer period). The posttraining or final tests were conducted just before the first off-season period, right before the winters break. Both groups (VG and CG) had the same amount of practice time and the same overall workload during the time of the study. All players followed the same strength training program that involved progressive loads up to 80% of 1 repetition maximum during 8 exercises in 3 sets with 10 repetitions each using weight machines and free weights. This training program is commonly used by basketball players all over the world (18) .
Additionally, the VG performed a set of exercises on a vibratory machine (Power PlateÒ) at specific intensities, whereas the CG performed the same exercises on the same machine, but at 0 Hz (i.e., no vibration stimulus). The Power PlateÒ is a vibration device with a flat platform where the athlete stands. This platform oscillates at high speed in all 3 planes transmitting vibration to the feet and, through them, to the rest of the person's body.
Evaluation
After a standard warm-up, all players performed on a contacttime platform (ErgojumpÒ, Finland) the following tests: SJ, CMJ, and 15-second maximal performance jump test. Squat jump and CMJ tests are very similar, except for the athletes' initial position. In the CMJ, subjects stand upright over the contact-time platform, whereas in the SJ, subjects start with knees flexed at 90°. Both tests are performed with both hands located on the pelvis. Instructions for performing these tests have been previously described (9) . Knee flexion was evaluated using an electronic goniometer (Muscle-Lab, Ergotest Technology, Langesund, Norway), and jumps in which knee flexion was greater than 90°were rejected. Attempts in which players dipped before their jump were also rejected. The best value of SJ and CMJ obtained from a total of 3 attempts performed by every player was recorded. The 15-second maximal performance jump test was performed with the subjects being required to perform as many jumps as possible in 15 seconds. The number of jumps, flying time (ms), and power generated per body weight (WÁkg 21   ) were measured with a digital timer connected by a cable to the platform. This timer was triggered by the athlete's feet at the moment of release from the platform and was stopped at the moment of ground contact. Because SJ and CMJ tests consisted of a single jump, in the 15-second maximal performance jump test, the subjects had to perform several consecutive jumps, allowing the gathering of additional information on subjects' leg force production. All of these tests have been reported to assess force production by the legs (4,9). They have also been shown to be valid and reliable (26) , and their reproducibility has been reported to be high (4, 16) .
To evaluate players' leg power, both groups also performed a squat leg power exercise with additional loads of 10, 20, 30, 40, 50, and 70 kg on a weight training bar positioned over the subject's shoulders. Squat leg power was measured using an Ergopower machineÒ (Bosco, Italy) with a linear encoder that measured time and linear displacement of the bar. Subjects were asked to perform a single squat repetition, increasing the weight of the weight training bar after every successful attempt (speed higher than 0.70 mÁs 21 ). On every attempt knee-flexion was standardized at 90°and monitored using an electronic goniometer (Muscle-Lab, Ergotest Techonology). The reliability of this testing procedures and measurements has been reported to be r = 0.95 (4) .
Before the beginning of initial tests, subjects were familiarized with all procedures to avoid learning effects. All tests were performed in the same exact order (SJ, CMJ, 15 seconds, and squat leg power), and at the same time of the day in every test session (pre and posttests). All procedures were closely controlled and identical for all subjects. Two days were allowed between the last training session and the tests for recovery.
Vibration Program
The number of WBV training sessions per week was set at 2, whereas the number of exercises performed was set at 3. Both parameters were chosen according to experts on strength development in basketball (18) , and considering the training schedule of the team. Frequency, amplitude, and duration of the vibratory stimulus were selected based on previous studies published before our intervention, which showed significant increases in muscle performance (5, 9, 19, 20, 32, 36) . Training volume was augmented through an increase of the total duration of the vibratory stimulus over the training period. Finally, training intensity increased with the frequency of the vibratory stimulation.
Within each week, the overall workload of all players was the same. It was distributed over the course of 4 days of training, and there was always an official game on Saturdays. Researchers and coaches kept a training diary throughout the course of the study to ensure that all subjects performed the same exercises on and off-court. Therefore, the only difference in the type of work done by the VG and the CG was the presence or absence of vibration training.
Over the entire study period, the 3 exercises selected remained the same. The amount of time (volume) of practice was progressively increased (Table 2 ). In addition, the frequency of the vibratory stimulus (intensity) was changed, but the amplitude remained the same: 4 mm. The exercises performed were (Table 3) as follows:
Half Squat. Subjects stood on the vibratory platform with legs spread apart and knees flexed in a 90°angle, simulating the basic basketball defensive stance. This exercise was used to warm up the subjects.
Half Squat with Weight on Toes. Subjects stood on the vibratory platform with legs spread apart and knees flexed in a 90°a ngle. They were asked to flex and extend the knee joints every 5 seconds while doing the exercise. Therefore, the degree of flexion and extension was progressively increased relative to the initial position.
Calves. Subjects stood on the vibratory platform on their toes. They were asked to flex and extend the ankle joints every 5 seconds while doing the exercise. Therefore, the degree of flexion and extension was progressively increased relative to the initial position.
The CG performed the same exercises on the vibratory platform as described above, but at 0 Hz.
Statistical Analyses
Data analysis was done in 4 stages: First, the Gaussian distribution of the variables studied was tested, within each group, using the Shapiro-Wilk test. Some variables did not have a Gaussian distribution, so nonparametric tests were used to evaluate the differences between pre and posttests in both training programs. These variables were CMJ and squat leg power in the VG at test 2. Second, differences between groups were analyzed using the Mann-Whitney test, which is almost as powerful as the T-test, but it does not need the hypothesis of Gaussian distribution. Third, the Wilcoxon paired test was used to study the effects of the training program over the duration of 14 weeks for both groups. Significant difference was set at p # 0.05 for every test. Fourth, results are presented using 95% confidence intervals for the mean in the text and the mean 6 SD in the figures. Statistical analysis was performed using the SPSS 15.0 software. In contrast to the significant improvements because of training, independent of vibration supplementation, we could not find a significant difference between CG and VG on SJ, CMJ, 15-second maximal performance jump test, or squat leg power with additional load. The results obtained in this study are similar to those obtained in a previous study done in sprint-trained athletes (15) . In that study, researchers used vibration training 3 times per week during 5 weeks and found no significant differences between vibration training and regular strength training methods.
RESULTS
At
In contrast, Mahieu et al. (25) applied WBV 3 times a week during 6 weeks to young skiers, and the results did show a significant increase after the use of vibration in explosive strength (13.53 6 9.79 compared with 5.44 6 7.66) and in plantarflexor strength (19.27 6 14.91 compared with 7.56 6 9.96). Similarly, other researchers found that WBV training applied 3 times a week during 8 weeks causes a significant increase in bilateral knee extensor strength (p , 0.001), CMJ (p , 0.001), and flexibility (p , 0.001) in female athletes (17) . However, a significant drawback of both studies is that their CGs did not perform the same exercises on the vibratory platform at 0 Hz, they performed them directly on the floor.
According to Savelberg et al. (34) , strong subjects react differently to WBV than do weak subjects. In their study, only the weak subjects increased their maximal knee joint extension moment after a WBV program of 4 weeks. Because our subjects were experienced basketball players, they can be considered strong athletes, specifically at the legs. Therefore, it is unlikely that the WBV exercise could help the VG increase their strength performance significantly more than the CG. Only studies involving young athletes (2, 17, 23, 25) , which could be considered weak subjects, yielded improvements after the application of a vibration program. Our study and others involving experienced athletes (13, 15) , which could be considered strong athletes, showed no significant differences between a vibration program and a regular strength training program. Furthermore, authors such as Delecluse et al. (16) proposed that highly trained subjects might need a longer period of vibration loading to obtain significant increases. However, the length of our study (14 weeks) and the results obtained do not support this idea.
Our study does differ from other studies in the literature. The entire study was carried out over a time span of 14 consecutive weeks. This is important considering that most studies that have shown positive effects of vibration on athletes have focused on acute effects (59, 10, 14, 20) , and just a few on short-time effects (17, 19, 25) . Perhaps, a rapid increase because of WBV occurs, but in a longer period of time, these effects are matched by non-WBV training methods. Of course, this is speculation at this time and needs to be further investigated. A common limitation in the mentioned studies is the lack of a CG performing the same exercises on a vibration platform at 0 Hz. The one study that did have a CG performing the same exercises on a vibration platform at 0 Hz failed to show significant increases on strength and power in climbers (13) .
To date, the mechanisms mediating the effects of WBV on the subjects' neuromuscular system are not known. Several researchers suggest that different hormonal (8) (plasma concentrations of testosterone, growth hormone, and cortisol) and/or neuromuscular factors (1) are responsible for these adaptations. However, recent reviews (28) have raised serious doubts on the effectiveness of WBV to increase muscle activation via the tonic stretch reflex. This reflex has been proven to be activated by high-frequency stimulation applied directly onto a tendon for a short period of time, but in WBV, the exposure to the vibratory stimulation is long, the frequency is low, and it is unspecifically applied under the feet of the subjects. In the Introduction section, 3 factors were mentioned as potentially responsible for the muscular enhancement found after WBV training. Nevertheless, if we assume that WBV can produce an increase in muscle activation, because its application is unspecific through the feet, it would have produced an increase in both agonist and antagonist muscles of the legs, raising again serious doubts over its benefits on coordinative tasks such as jumping. Our results (based on jumping tests) show that WBV did not produced any extra benefits on these types of activities. However, our study did not specifically address neuromuscular or hormonal mechanisms, because we did not carry out any electromyographic recordings on the subjects' muscles during tests, neither blood samples were collected and analyzed.
A novel aspect of our study is that the overall project was developed during a regular competitive season of a female basketball team, in which both groups of players (CG and VG) performed an identical training program, except for the WBV loading. The working protocol selected (2 times a week) could have induced an insufficient stimulus to obtain a significant increase of strength on the players, becoming a potential limitation of our study. Most previous studies have used higher-frequency loads (from 3 to 5 vibration training sessions per week) (15) (16) (17) 25, 31, 36) , but this high-frequency loading is very difficult for a basketball team to adhere to because of time constraints. Therefore, we decided to set the vibration training sessions at 2 per week.
Another possible limitation of our study is that we did not have a nontraining CG. It is nearly impossible to have a nontraining CG in this study, because it involves basketball players taking part in a high-level competition. In addition, it is not feasible to allow a group of players to undergo a training program without some sort of strength training, because this could be detrimental to game performance.
Finally, as described in previous studies (33), 8 of the 16 subjects of the VG reported an itching erythema in the lower part of both legs while they were exposed to the vibratory stimulus. This erythema disappeared a few seconds after the stimulus was discontinued. At the same time, 5 of these 8 subjects of the VG experienced a reddening of the skin in the lower part of both legs, while they were exposed to the vibratory stimulus. The erythema and the reddening were both acute and temporary, so we can say that the vibratory stimulation did not produce any kind of injury or damage to the health of any of the female basketball players that participated in the study.
In conclusion, both VG and CG significantly increased several force parameters during this research project (SJ, CMJ, 15-second maximal performance, and squat leg power). However, no differences were observed between the VG and CG, indicating that WBV training applied 2 times per week during a time span of 14 consecutive weeks has no advantages for the force production of competitive female basketball players. Further research is necessary to find out if there is a specific dose response of vibration training to be applied to basketball players to enhance their force production significantly.
PRACTICAL APPLICATIONS
Whole-body vibration training can be considered an effective and safe training method for improving muscle strength at the legs in female basketball players. The issue, based on our results and other researchers' results, is that it can be as good as other regular strength training programs. It has no advantages over them. In our study, both groups (VG and CG) significantly (p , 0.001) increased their leg strength, but no significant (p , 0.005) differences were found between the basketball players that used WBV and the ones who did not use it. Several researchers (11, 21) agree that WBV could be used as an excellent preparatory or warm-up activity before more intense exercise. The drawback is that they also believe that WBV exercises will not be able to help athletes when used alone.
Several studies have revealed that WBV is more effective in weak subjects than in strong subjects. Therefore, it could be a suitable training method to increase the strength of young basketball players, but this needs to be scientifically tested.
One important element for coaches and researchers to consider is that the vibration loading used in this project was identical for all subjects (as in previous studies). In conventional strength training programs, the workload is individualized for each athlete (kilograms, sets and reps for each exercise). Perhaps, there should be a vibratory individualization in WBV programs (duration, frequency, and intensity of the stimulus) to induce significant effects in athletes, but this needs further study.
